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(57) Abstract 

PROBLEM TO BE SOLVED: To improve the evaporating 
efficiency of liquid material, to prevent the formation 
of an unnecessary film in a device and to improve the 
productivity of a semiconductor device. 

SOLUTION: The liquid material 27 in a liquid material 
tank 25 is pressure- fed into a liquid material tank 25 
by liquid material delivering gas, the liquid material 
27 is fed to an evaporation nozzle 21, and carrier gas 
(inert gas) and gaseous material are fed to a vaporizing 
nozzle 21 from a gas feeding part 8. The liquid material 
27 sent from the gas nozzle 21 comes into collision with 
the carrier gas and the gaseous material, it is brought 
into the state of particulates, vaporized efficiently, 
fed to the surface of the wafer 4 on the susceptor 3 
which is heated by a heater 31 , and a thin film is formed. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method, its equipment, semiconductor wafer, and semiconductor 
device of a suitable semiconductor to aim at improvement in productivity of semiconductor manufacture especially with respect to 
the manufacture method of the semiconductor which forms the thin film for semiconductor devices on a substrate using a liquid 
raw material. 
[0002] 

[Description of the Prior Art] As an example of the conventional technology which uses a liquid raw material for formation (the 
thing of formation of a thin film is also hereafter called membrane formation suitably) of the thin film for semiconductor devices 
The technology which forms the tantalum oxide (Ta 205) thin film used as a capacity insulator layer for DRAM using a 
pentaethoxy tantalum (Ta (OC2H5)5) as indicated by JP,6-61450 A There is technology which forms a silicon-dioxide (Si02) 
thin film using TEOS (Si4 (OC2H5)). 

[0003] The example of the formation method of Si02 thin film is explained among the above thin film coating technologies. 
Drawing 22 is the block diagram of the manufacturing installation of the semiconductor which forms the Si02 thin film. In the 
manufacturing installation of this semiconductor, evacuation of the vacuum housing 105 is carried out by the evacuation section 
1 06, and a wafer 1 04 is held on a susceptor 1 03 and heated by about 450 degrees C at a heater 131. The above-mentioned 
vacuum housing 105, a susceptor 103, and a heater 131 constitute gaseous-phase chemical reaction equipment 101. 
[0004] the gas supply pipe 123 with a heater which the liquid raw material 127 was maintained at fixed temperature (60 degrees 
C) within the liquid raw material tank 1 25, and bubbling of it was carried out by the inert gas for bubbling by which was supplied 
from the gas supply section 1 28 for liquid raw material sending out, and control of flow was carried out with the control -of-flow 
equipment 129 for liquid raw material bubbling gas, evaporated it by it, and was heated by about 100 degrees G ~ a passage — 
the vacuum housing 105 from the shower head 120 — introducing — having . Moreover, the material gas by which was supplied 
from the gas supply section 108 and control of flow was carried out with control-of-flow equipment 183 is also introduced into a 
vacuum housing 1 05 from the shower head 1 20 through the gas supply pipe 1 8 1 . In addition, the heater 1 2 1 for the shower heads 
is formed in the shower head 1 20, and this heater 1 2 1 for the shower heads and the gas supply pipe 1 23 with a heater in front of it 
also have ******** which promotes evaporation of the liquid raw material 127. And the liquid raw material 127 and material 
gas which were introduced into the vacuum housing 1 105 carry out a pyrolysis reaction, and Si02 thin film is formed on a wafer 
104. 

[0005] Moreover, the formation process of the tantalum oxide (Ta 205) thin film using the pentaethoxy tantalum (Ta (OC2H5)5) j 
of above-mentioned JP,6-61450,A is the same as the formation process of the above-mentioned silicon-dioxide (Si02) thin film 
almost. 
[0006] 

[Problem(s) to be Solved by the Invention] By the above formation methods of a tantalum oxide thin film or a silicon-dioxide thin 
film In order to evaporate the liquid raw material 127 by bubbling besides the vacuum housing 105 to which membrane formation 
is performed, the evaporation efficiency is low. Evaporation of the liquid raw material 1 27 does not fully progress within the gas 
supply pipe 1 23 with a heater, or the shower head 1 20. While the liquid raw material 1 27 which was not evaporated has been a 
liquid in part, it may exist in those interior, or the vaporized liquid raw material 1 27 may condense again on the wall surface of 
the gas supply pipe 1 23 with a heater, or the shower head 1 20, and may become a liquid. The liquid raw material 1 27 which 
existed with this liquid serves as an unnecessary film on the wall surface of the gas supply pipe 1 23 with a heater, or the shower 
head 1 20, if the film accumulates, it will cause [ of piping of the gas supply pipe 1 23 with a heater, or shower head 1 20 grade ] 
lock out by the case, or the exfoliative film disperses, and reaches on a wafer 1 04, and becomes the poor cause of an element 
[0007] Since it is necessary to re-rise and cannot manufacture in the meantime after stopping and cleaning a manufacturing 
installation, in order to remove these obstacles, the productivity of semiconductor manufacture is spoiled remarkably. 
[0008] The purpose of this invention is offering the manufacture method, the equipment, semiconductor wafer, and 
semiconductor device of the semiconductor which improves the evaporation efficiency of a liquid raw material, can prevent 
formation of the unnecessary film into equipment and can raise the productivity of semiconductor manufacture. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, after atomizing some [ at least ] liquid raw 
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materials used as the aforementioned thin film in the space in which the thin film is formed in the manufacture method of the 
semiconductor which forms the thin film for semiconductor devices on a substrate according to this invention, it is made to 
evaporate, and the manufacture method of the semiconductor characterized by manufacturing a semiconductor is offered by 
supplying the aforementioned substrate front face. 

[0010] In the manufacture method of the above-mentioned semiconductor, the membrane formation mechanism which has the 
container which holds the evaporation mechanism made to evaporate preferably after atomizing the aforementioned liquid raw 
material, its evaporation mechanism, and the aforementioned substrate, and maintains the inside of the container at a 
predetermined pressure and predetermined temperature is used. 

[001 1] Moreover, in case it is made to evaporate preferably after atomizing the aforementioned liquid raw material, and the 
aforementioned substrate front face is supplied, a gas raw material is also supplied simultaneously. 

[0012] Moreover, as the above-mentioned evaporation mechanism, the evaporation mechanism in which it has opening which 
injects a liquid raw material, and the gas passage which it blows off [ passage ] and makes the gas which atomizes it toward the 
aforementioned liquid raw material from the circumference of the opening collide is used preferably. 

[0013] In the above-mentioned case, it is desirable to make it incline to the normal of the field containing opening which injects a 
liquid raw material for the gaseous jet direction. 

[00 1 4] Or you may make it incline to the normal of the field containing opening which injects the liquid raw material for the jet 
direction of a liquid raw material. 

[0015] Furthermore, the inside of the passage which results in opening which injects the liquid raw material of the 
above-mentioned evaporation mechanism preferably is heated with a heating means, and the steam of the aforementioned liquid 
raw material is generated. 

[0016] Moreover, as an evaporation mechanism, it has preferably opening which injects the gas which atomizes a liquid raw 
material, and the liquid raw material passage which it blows off [ passage ] and makes a liquid raw material collide toward the 
aforementioned gas from the circumference of the opening. 

[0017] In the above-mentioned case, it is desirable to make it incline to the normal of the field containing opening which injects a 
gas for the jet direction of a liquid raw material. 

[00 1 8] Or you may make it incline to the normal of the field containing opening which injects the gas for the gaseous jet direction. 

[00 1 9] Furthermore, preferably, the aforementioned liquid raw material passage is heated with a heating means, and the steam of 
the aforementioned liquid raw material is generated. 

[0020] Furthermore, in the manufacture method of the above semiconductors, the liquid raw material to an evaporation 
mechanism may be continuously supplied into the morphosis of a thin film, and you may carry out intermittently conversely. 
[0021] Furthermore, you may make the gas blow off, making the liquid raw material blow off, or making it circle in the normal of 
the field which contains opening which injects the gas for atomization of a liquid raw material while making it circle in the normal 
of the field containing opening which injects a liquid raw material as the axis of rotation as the axis of rotation. 
[0022] Moreover, supply of the liquid raw material to an evaporation mechanism is preferably performed using the pressure 
differential of the side injected [ storage of the liquid raw material and ]. 

[0023] Furthermore, one evaporation mechanism is used preferably. Or two or more evaporation mechanisms are used 
preferably. 

[0024] Moreover, it is desirable to perform supply of the gas to an evaporation mechanism in advance of supply of the liquid raw 
material to the evaporation mechanism. 

[0025] Moreover, it is desirable to perform supply interruption of the liquid raw material to an evaporation mechanism in 
advance of the supply interruption of the gas to the evaporation mechanism. 

[0026] Moreover, the rectification means which makes uniform preferably the distribution of the particle of the liquid raw 
material which atomized according to the evaporation mechanism in the aforementioned substrate upper part in the 
aforementioned container is used. 

[0027] Moreover, in the manufacture method of a semiconductor, the. aforementioned membrane formation mechanism is a 
mechanism in which a chemical vacuum deposition is performed, preferably. 

[0028] Moreover, according to this invention, the semiconductor wafer manufactured using the manufacture method of the above 
semiconductors or a semiconductor device is offered. 

[0029] Moreover, the manufacturing installation of the semiconductor characterized by to have the evaporation mechanism made 
to evaporate after atomizing some [ at least ] liquid raw materials used as the aforementioned thin film in the manufacturing 
installation of the semiconductor which forms the thin film for semiconductor devices on a substrate according to this invention, 
and the membrane formation mechanism which maintains the inside of the container at a predetermined pressure and 
predetermined temperature while having the container which holds the evaporation mechanism and the aforementioned substrate 
is offered. 

[0030] In the manufacture method of the above-mentioned semiconductor, it has the gas passage which spouts the gas into which 
the aforementioned evaporation mechanism atomizes it toward a liquid raw material preferably from the circumference of opening 
which injects the aforementioned liquid raw material, and its opening. 

[003 1] Or in the manufacture method of the above-mentioned semiconductor, it has the liquid raw material passage where the 
aforementioned evaporation mechanism spouts a liquid raw material toward a gas preferably from the circumference of opening 



2of8 



9/22/03 10:26 Al 



which injects the gas which atomizes the aforementioned liquid raw material, and its opening. 
[0032] 

[Function] In this invention constituted as mentioned above, the efficiency of evaporation becomes high rather than the method by 
the conventional bubbling etc. by making it evaporate, after atomizing some [ at least ] liquid raw materials used as a thin film in 
the space in which the thin film is formed, this and by performing the above-mentioned atomization in the space in which a thin 
film is formed, like the above-mentioned conventional technology, as a liquid raw material will not condense to the member of 
other equipments, an unnecessary film is not formed in piping, such as a gas supply pipe with a heater, and the shower head 
Therefore, neither lock out of piping nor scattering of a up to [ the wafer of the exfoliative film ] takes place, but it becomes 
unnecessary to stop a manufacturing installation, and productivity improves. 

[0033] In the above-mentioned case, atomization and evaporation of a liquid raw material are performed by the evaporation 
mechanism, and formation of a thin film is performed within the container which holds a substrate. The inside of the 
above-mentioned container is maintained at a predetermined pressure and predetennined temperature by the membrane formation 
mechanism in that case. 

[0034] Moreover, when [ other than a liquid raw material ] a gas raw material is required, in case a liquid raw material is made to 
atomize and evaporate and a substrate front face is supplied, formation of a thin film is performed by supplying the gas raw 
material simultaneously. 

[0035] In the above-mentioned evaporation mechanism, atomization is performed by preparing opening which injects a liquid 
raw material, blowing off and making a gas collide with the liquid raw material toward a liquid raw material from the surrounding 
gas passage of the opening. 

[0036] Moreover, it is the same, even if it prepares opening which injects the gas for atomizing a liquid raw material contrary to 
the above and blows off a liquid raw material from the surrounding liquid raw material passage of the opening toward a gas. 
[0037] Furthermore, by making a liquid raw material, the jet direction, and the gaseous jet direction incline, a liquid raw material 
and a gas will have a certain angle, it will collide, and the range to which the liquid raw material which it atomized is supplied, 
therefore the range to which the vaporized liquid raw material is supplied will have a certain amount of breadth. For this reason, it 
becomes possible more by choosing the above-mentioned inclination suitably to supply the particle of a liquid raw material, 
therefore the vaporized liquid raw material to the latus range. What is necessary is just to make it incline to the normal of the field 
containing opening which is made to incline to the normal of the field which contains opening which injects a liquid raw material 
for the gaseous jet direction as a method of making both jet direction inclining as mentioned above when spouting a gas from the 
opening circumference which injects the above-mentioned liquid raw material, or injects the liquid raw material for the jet 
direction of a liquid raw material. What is necessary is just. to make it incline to the normal of the field containing opening which 
is made to incline to the normal of the field which contains opening which injects a gas for the jet direction of a liquid raw 
material as a method of on the other hand making both jet direction inclining as mentioned above when spouting a liquid raw 
material from the opening circumference which injects the above-mentioned gas, or injects the gas for the gaseous jet direction. 
[0038] Moreover, if it is made to blow off in case a liquid raw material is spouted, making it circle in it, the velocity compoment 
to the direction of a normal of the field which contains opening among the spray velocity of a liquid raw material for the circular 
movement will become small, and the frequency of the collision to the gas of a liquid raw material will become large. Therefore, 
the efficiency of atomization of a liquid raw material improves. Furthermore, even if it makes it blow off in case a gas is spouted, 
making it circle in it, it becomes possible to do the same operation so. 

[0039] The number of the above-mentioned evaporation mechanism becomes possible [ making small the range in the 
evaporation mechanism of a piece which should be supplied uniformly ], since each evaporation mechanism can share the 
homogeneity of the concentration of a liquid raw material when it is made plurality, although a piece or plurality is sufficient, and 
the evaporation efficiency of a liquid raw material becomes high. Moreover, each evaporation mechanism can share the amount of 
supply of the liquid raw material to a substrate front face, the amount of the liquid raw material which should atomize in each 
evaporation mechanism is decreased, and the size of each evaporation mechanism can be made small 

[0040] Moreover, by performing supply of the gas to an evaporation mechanism in advance of supply of the liquid raw material to 

an evaporation mechanism, while a liquid raw material has not been evaporated, a substrate is not reached. 

[0041] moreover, the thing for which supply interruption of the liquid raw material to an evaporation mechanism is performed in 

advance of the supply interruption of the gas to an evaporation mechanism — the liquid of the liquid raw material from an 

evaporation mechanism — who can be prevented and a liquid raw material does not remain in a container 

[0042] Moreover, by making uniform the distribution of the particle of the liquid raw material which atomized in the substrate 

upper part in a container using a rectification means, it is improved much more and it becomes possible to make a thin film form 

in a substrate uniformly of evaporation efficiency. 

[0043] Moreover, by heating a liquid raw material with a heating means, and generating the steam of a liquid raw material, 
expansion of the volume of the liquid raw material in passage is brought about, and it becomes still minuter about the particle of a 
liquid raw material. When a gas collides with this minute particle, atomization of a liquid raw material is promoted further and the 
evaporation efficiency of a liquid raw material improves further. Moreover, the generating situation of a minute particle is easily 
controllable by control of a heating means. 
[0044] 

[Example] The 1st example of this invention is explained referring to drawing 4 from drawing 1 . this example is an example 
which carries out the vacuum evaporationo of the thin film for semiconductor devices to the wafer front face which is the substrate 
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of a semiconductor by the reduced pressure gaseous-phase chemical vacuum deposition. 

[0045] As shown in drawing 1 , the manufacturing installation of the semiconductor of this example is equipped with 
gaseous-phase chemical reaction equipment 1, the evaporation mechanism 2, the evacuation section 6, the gassing section 7, the 
gas supply section 8, a spare room 9, and the wall surface temperature-control section 10. Gaseous-phase chemical reaction 
equipment 1 is constituted by holding the susceptor 3 which lays a wafer (substrate of a semiconductor) 4 into a vacuum housing 
5, and a heater 3 1 , and the vacuum gage 1 1 is attached in the vacuum housing 5. In the evaporation mechanism 2, the liquid raw 
material 27 can be collected on the liquid raw material tank 25. It is pressed by the gas for liquid raw material sending out sent 
through the gas piping 26 for liquid raw material sending out from the gas supply section 28 for liquid raw material sending out. 
The evaporation nozzle 21 with which the fed liquid raw material 27 was attached in the vacuum housing 5 upper part through 
the liquid feeding pipe 23 and the liquid feeding bulb 22, a flow rate being adjusted by liquid feeding control-of-flow equipment 

24 is supplied. From the gas supply section 8, carrier gas (inert gas) and a gas raw material are supplied to the evaporation nozzle 
2 through the gas supply bulb 82 and the gas supply pipe 81 . 

[0046] The evacuation section 6 is equipped with the evacuation piping 61 , the evacuation bulb 62, and an exhaust pipe 
arrangement 63, and the gas exhausted is processed by the gassing section 7. A spare room 9 is for taking a wafer 4 in and out, 
maintaining the airtightness into a vacuum housing 5, and is equipped with the wafer handler 91 , the first gate valve 92 of a spare 
room, and the second gate valve 93 of a spare room. The wall surface temperature-control section 10 has 1st piping lOfor wall 
surface temperature controls a, and 2nd piping 10b for wall surface temperature controls, and controls the temperature in a 
vacuum housing 5. A vacuum housing 5, the evacuation section 6, the gassing section 7, and wall surface temperature-control 
section 10 grade constitute a membrane formation mechanism among the above. 

[0047] The procedure at the time of membrane formation by the manufacturing installation of the semiconductor of the above 
composition is explained. First, evacuation of the vacuum housing 5 is carried out by the evacuation section 6. Next, the inert gas 
from the gas supply section 8 is introduced into a vacuum housing 5. Then, supply of inert gas is stopped and evacuation of the 
vacuum housing 5 is again carried out by the evacuation section 6. Introduction of such evacuation and inert gas is repeated 
several times, and inert gas replacement in a vacuum housing 5 is performed. Next, the wafer 4 held in the spare room 9 is carried 
in on the susceptor 3 which opened the 1 st gate valve 92 and was heated by the heater 3 1 . And inert gas replacement in a vacuum 
housing 5 is performed again. Then, by the evaporation mechanism 2 described below supplies the liquid raw material 

25 and material gas in a vacuum housing 5, and performs thin film formation. After thin film formation is completed, inert gas 
replacement is performed and the wafer 4 on a susceptor 3 is exchanged for the wafer placed into the spare room 9. The above is 
the manufacture cycle of the manufacturing installation of the semiconductor of this example. 

[0048] Next, operation of the evaporation mechanism 2 is explained. The structure near the point part of the evaporation nozzle 
2 1 is shown in drawing 2 . In this example, the evaporation nozzle 2 1 is carrying out double-pipe structure which consists of said 
heart-like the evaporation nozzle outer tube 21 1 and the evaporation nozzle inner tube 212, the liquid raw material 27 flows the 
evaporation nozzle inner tube 2 1 2, and a gas raw material and carrier gas (inert gas) flow the evaporation nozzle outer tube 211. 
In drawing 2 , Arrow A shows the flow of the liquid raw material 27, and Arrow B shows the flow of a gas raw material and 
carrier gas. (Suppose hereafter that it is the same also about drawing 8 - drawing 14 , drawing 20 , and drawing 21 .) As a liquid 
raw material 27, although an argument is fundamentally advanced for TEOS (Si4 (OC2H5)), even if it uses other liquid raw 
materials, it is needless to say in a bird clapper to the same argument again. 

[0049] A gas raw material and carrier gas are supplied to the evaporation nozzle outer tube 21 1 of the evaporation nozzle 2 1 

from the gas supply section 8, and the liquid raw material 27 is supplied to the evaporation nozzle inner tube 2 1 2 of the 

evaporation nozzle 21 from the liquid raw material 25. Although the liquid raw material 27 supplied to the evaporation nozzle 

inner tube 2 1 2 is dropped in a vacuum housing 5, in the process, the flow of a gas raw material and carrier gas has the flare of a 

radial in the place whose restraint of a flow with the wall of the evaporation nozzle outer tube 2 1 1 was lost, in case it spouts in a 

vacuum housing 5 from the evaporation nozzle outer tube 211. Thereby, a gas raw material and carrier gas collide with the liquid 

raw material 27 currently dropped, and this collision atomizes the liquid raw material 27. 

[0050] The example of calculation of the particle diameter generated in the above collisions is shown below. 

[005 1] The particle diameter formed of the nozzle of a simple configuration like drawing 2 is presumed by the following formula 

as shown in the 1 70th page of "heat (**** Shiro work, the Yokendo Ltd. April, Showa 44 issue)." 

[0052] 

[Equation 1] 

d »* 585 w ts9 i7£rH 00D tF ■"' 

[0053] here ~ for surface tension [dyne/cm] and mu, coefficient of viscosity [dyne-s/cm2] and v are [ rho / density [g/cm3] and 
sigma / a fluid capacity flow rate and Qa of the relative velocity between a liquid style and a gas style [m/sec] and Ql ] air-volume 
flow rates Moreover, the unit of dO is mum in the average diameter of a particle. However, the average diameter of a particle is 
computed here more greatly about about 4 to 5 times than the so-called particle diameter at the time of measuring not in response 
to the diameter formed in the gaseous phase but in response to the formed particle into a certain liquid which it catches, and is a 
diameter, therefore was actually formed in the gaseous phase. 

[0054] TEOS used by this example here « each of that physical-properties value — rho= 0.9356 [g/cm3] and sigma= - 21 .67 
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[dyne/cm] and mu= 0.007 [dyne-s/cm2] 

** it sets like Moreover, about v, since the liquid raw material 27 is supplied only for a minute amount compared with a gas 
raw material and carrier gas, supposing the speed of the liquid raw material 27 was disregarded and a gas raw material and carrier 
gas have chalked further on the supply pipe way, it will be set to v= 300 [m/sec]. 

[0055] The result calculated as mentioned above is shown in drawing 3 . In drawing 3 , a vertical axis is a particle diameter 
(micrometer) and a horizontal axis is the ratio of a gas raw material, and the flow rate (Qa) of carrier gas and a liquid raw material 
(Ql). The calculation result of a formula (1) is Curve C, and the curve which set the value of Curve C to 1/5 so that it might 
become a particle diameter at the time of actual particle formation closely is shown as D. 

[0056] In process of the usual semiconductor manufacture, according to a membranous kind, although the flow rate of the liquid 
raw material 27, and material gas and carrier gas is various, it becomes the range of about 1000 number from several 100. In this 
case, by the particle formed catching, according to the curve C, a diameter is set to 100 micrometers or less, when the ratio of 
Qa/Ql is 500 or more. The particle diameter in the inside of an actual gaseous phase is set in general to 20 micrometers or less 
with Curve D. 

[0057] In the manufacturing installation of the semiconductor of this example, even if distance is long from the position where the 
raw material (a liquid raw material and gas raw material) of a thin film was introduced in the vacuum housing 5 to the susceptor 3 
on which the wafer 4 used as the candidate for membrane formation is put, it is about 20-30 centimeters. Therefore, it becomes 
indispensable between this distance (i.e., before the particle of the liquid raw material 27 arrives at wafer 4 front face) that the 
liquid raw material 27 has evaporated at least. Below, it describes whether the liquid raw material 27 is certainly vaporizable with 
this example from a viewpoint of the relation between a distance (evaporation distance) required for evaporation, and a particle 
diameter. 

[0058] Drawing 4 is drawing showing the general correlation of a particle diameter and evaporation distance. In drawing 4 , the 
distance (evaporation distance) which needs a vertical axis for evaporation, and a horizontal axis are particle diameters. If a 
particle diameter becomes large, a distance required for evaporation will become long at an increasing tempo. Although the 
evaporation distance of the liquid raw material 27 changes with raw materials, for example by TEOS, when a particle diameter is 
about 10 micrometers and 10 centimeters and a particle diameter are about 50 micrometers in general, it is 30 centimeters in 
general, and is evaporated, respectively. A particle diameter more practical than this should just be 50 micrometers or less. On the 
other hand, before arriving at wafer 4 front face, the liquid raw material 27 can be made to evaporate certainly in this example, 
since a particle diameter is made to about 20 micrometers or less as mentioned above. 

[0059] Drawing 5 and drawing 6 are the timing charts about supply of the liquid raw material 27 to the evaporation nozzle 2 1 , a 
vertical axis is the amount of supply of the liquid raw material 27, and a horizontal axis is time. However, what is necessary is just 
to make it almost be the same as that of the liquid raw material 27 also about supply of a gas raw material and carrier gas in 
drawing 5 and drawing 6 , although only the liquid raw material 27 was shown. 

[0060] In drawing 5 , it is made to become the amount of supply H of the liquid raw material 27 of rating from the time F of a 
start of membrane formation after fixed time, the liquid raw material 27 is supplied continuously, and the supply method of 
stopping supply of the liquid raw material 27 at the time G at the time of a membrane formation end is used. Since such a supply 
method is simple, when supply control of the liquid raw material 27, a gas raw material, and carrier gas can be performed easily, 
it has an advantage. 

[006 1 ] Unlike drawing 5 , in drawing 6 , supply of the liquid raw material 27 is intermittently performed during membrane 
formation. That is, the liquid raw material 27 is supplied by the predetermined amount of supply hi from the time F of a start of 
membrane formation to the predetermined time g, after that, till the predetermined time f, supply of the liquid raw material 27 is 
stopped, the liquid raw material 27 is supplied by the predetermined amount of supply h2 from the predetermined time f, and the 
supply method of stopping supply of the liquid raw material 27 at the time G at the time of a membrane formation end is used. 
According to such a supply method, there is an advantage that supply of the liquid raw material 27 is finely controllable. In 
addition, supply of the liquid raw material 27 may be divided into 2 times or more of many times, and may be performed 
intermittently, and the amount of supply may be changed each time. 

[0062] According to the above this examples, by the time the liquid raw material 27 with which the evaporation nozzle 21 
obtained and atomized the particle of the liquid raw material 27 of a necessary size reaches a wafer 4, it will fully be evaporated. 
Therefore, the efficiency of evaporation becomes high, the liquid raw material 27 with inadequate evaporation is condensed 
within a vacuum housing 5, and a film unnecessary for the vacuum housing 5 interior or piping is not formed. Therefore, neither 
lock out of piping nor scattering of a up to [ the wafer 4 of the exfoliative film ] takes place, but it becomes unnecessary to stop a 
manufacturing installation, and productivity improves. 

[0063] Moreover, since neither the gas supply pipe with a heater which was required in order to convey the liquid raw material 
conventionally evaporated since evaporation was performed within a vacuum housing 5 in a vacuum housing, nor the shower 
head which was required in order to supply a liquid raw material uniformly is needed, the structure of equipment becomes easy 
and reliability's of equipment improves. 

[0064] Next, the 2nd example of this invention is explained, referring to drawing 7 and drawing 8 . 

[0065] Drawing 7 is the block diagram showing the manufacturing installation of the semiconductor by this example. In drawing 
7 , the same sign is given to the member equivalent to drawing 1 . Moreover, since the procedure at the time of membrane 
formation is completely the same as the 1 st example, explanation is omitted here. In this example, as for the 1 st example, piping 
connection of the liquid raw material 27 supplied to evaporation nozzle 2 1 a, a gas raw material, and carrier gas is reverse. 
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Therefore, as shown in drawing 8 , also in the structure of evaporation nozzle 2 1 a, the liquid raw material 27 flows to evaporation 
nozzle outer-tube 211a, and a gas raw material and carrier gas flow to evaporation nozzle inner-tube 2 1 2a. 
[0066] A gas raw material and carrier gas collide with the liquid raw material 27, and, as for the liquid raw material 27, this 
collision also atomizes such composition. Therefore, the effect as the 1st above-mentioned example that this example is also the 
same is acquired. 

[0067] Moreover, in order that the liquid raw material 27 may flow evaporation nozzle outer-tube 2 1 1 a in addition to the above, 
when the temperature of the liquid raw material 27 affects atomization, there is room to prepare a heating means or a cooling 
means in evaporation nozzle outer-tube 211a, and the temperature control of the liquid raw material 27 before atomization 
becomes possible. 

[0068] Next, drawing 9 and drawing 10 explain the 3rd of this invention, and the 4th example, respectively. 
[0069] Drawing 9 is the cross section showing the evaporation nozzle according [ drawing 10 ] the evaporation nozzle by the 3rd 
example to the 4th example, respectively. Since the procedure at the time of membrane formation of the 3rd and 4th examples is 
completely the same as the 1st example, explanation is omitted here. Evaporation nozzle 21b of drawing 9 is deformation of the 
evaporation nozzle 2 1 of drawing 2 , is carrying out double-pipe structure which consists of evaporation nozzle outer-tube 211b 
and evaporation nozzle inner-tube 21 2b, and has become the configuration which makes only an angle theta 1 incline to the 
normal of the field containing opening 2 1 2B which spouts the liquid raw material 27 for a gas raw material and the jet direction of 
carrier gas. Moreover, evaporation nozzle 2 1 c of drawing 10 is deformation of evaporation nozzle 2 1 a of drawing 8 , is carrying 
out double-pipe structure which consists of evaporation nozzle outer-tube 211c and evaporation nozzle inner-tube 212c, and has 
become the configuration which makes only an angle theta 2 incline to the normal of the field containing opening 21 2C which 
spouts a gas raw material and carrier gas for the jet direction of the liquid raw material 27. 

[0070] If it is made structure like drawing 9 or drawing 10 , it will collide with angles theta 1 or theta2, and, as for the liquid raw 
material 27, a gas raw material, and carrier gas, the range to which the liquid raw material 27 which it atomized is supplied, 
therefore the range to which the vaporized liquid raw material 27 is supplied will have a certain amount of breadth. For this 
reason, it becomes possible more to supply the particle of the liquid raw material 27, therefore the vaporized liquid raw material 
27 to the latus range. 

[007 1 ] Furthermore, in the 4th example, in order that the liquid raw material 27 may flow evaporation nozzle outer-tube 211c, 
when the temperature of the liquid raw material 27 affects atomization, there is room to prepare a heating means or a cooling 
means in evaporation nozzle outer-tube 211c, and the temperature control of the liquid raw material 27 before atomization 
becomes possible. 

[0072] Next, drawing 1 1 and drawing 12 explain the 5th of this invention, and the 6th example, respectively. 
[0073] Drawing 1 1 is the cross section showing the evaporation nozzle according [ drawing 12 ] the evaporation nozzle by the 
5th example to the 6th example, respectively, drawing 1 1 (b) is the cross section of the direction of B-B of drawing 1 1 (a), and 
drawing 12 (b) is the cross section of the direction of B-B of drawing 12 (a). Since the procedure at the time of membrane 
formation of the 5th and 6th examples is completely the same as the 1st example, explanation is omitted here. Evaporation nozzle 
2 1 d of drawing 1 1 is carrying out double-pipe structure which is deformation of the evaporation nozzle 2 1 of drawing 2 , and 
consists of 21 Id of evaporation nozzle outer tubes, and 21 2d of evaporation nozzle inner tubes, attaches the injection 
directional-control plug 2 1 3 whose degree of angular aperture is 2theta3 near opening 2 1 2D which spouts the liquid raw material 
27, and makes only an angle theta 3 incline to the normal of the field containing opening 2 1 2D which spouts the liquid raw 
material 27 for the jet direction of the liquid raw material 27. Moreover, evaporation nozzle 2 1 e of drawing 1 2 is deformation of 
evaporation nozzle 2 1 a of drawing 8 . Double-pipe structure which consists of evaporation nozzle outer-tube 2 1 1 e and 
evaporation nozzle inner-tube 2 1 2e is carried out The injection directional-control plug 214 whose degree of angular aperture is 
2theta4 is attached near opening 2 1 2E which spouts a gas raw material and carrier gas. Only an angle theta 4 is made to incline to 
the normal of the field containing opening 2 1 2E which spouts the gas raw material and carrier gas for a gas raw material and the 
jet direction of carrier gas. 

[0074] If it is made drawing 1 1 and structure like drawing 12 , it will collide with angles theta3 or theta4, and, as for the liquid 
raw material 27, a gas raw material, and carrier gas, the range to which the liquid raw material 27 which it atomized is supplied, 
therefore the range to which the vaporized liquid raw material 27 is supplied will have a certain amount of breadth. For this 
reason, it becomes possible more to supply the particle of the liquid raw material 27, therefore the vaporized liquid raw material 
27 to the latus range. Moreover, in the two above-mentioned examples, the particle of the liquid raw material 27 can be supplied 
more to the latus range only by adding the comparatively easy structure like the injection directional-control plugs 21 3 or 2 1 4. 
[0075] Furthermore, in the 6th example, in order that the liquid raw material 27 may flow evaporation nozzle outer-tube 21 le, 
when the temperature of the liquid raw material 27 affects atomization, there is room to prepare a heating means or a cooling 
means in evaporation nozzle outer-tube 21 le, and the temperature control of the liquid raw material 27 before atomization 
becomes possible. 

[0076] Next, drawing 13 and drawing 14 explain the example of the 7th and the octavus of this invention, respectively. 
[0077] Drawing 13 is the cross section showing the evaporation nozzle according [ drawing 14 ] the evaporation nozzle by the 
7th example to the example of the octavus, respectively, drawing 13 (b) is the cross section of the direction of B-B of drawing 13 
(a), and drawing 14 (b) is the cross section of the direction of B-B of drawing 14 (a). Since the procedure at the time of 
membrane formation of the example of the 7th and the octavus is completely the same as the 1 st example, explanation is omitted 
here. Evaporation nozzle 2 If of drawing 1 3 is deformation of the evaporation nozzle 2 1 of drawing 2 , double-pipe structure 
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which consists of 2 1 1 f of evaporation nozzle outer tubes and 2 1 2f of evaporation nozzle inner tubes is carried out, the revolution 
plug 2 1 5 is formed in the opening 2 1 2F neighborhood which spouts the liquid raw material 27, and the revolution plug 2 1 5 
circles by setting the axis of rotation as the normal of the field containing opening 2 1 2F. The revolution plug 2 1 5 has passage 
2 1 5a, and while the liquid raw material 27 from passage 2 1 5a circles by revolution of the revolution plug 2 1 5, it flows out. 
Moreover, evaporation nozzle 2 1 g of drawing 14 is deformation of the evaporation nozzle 2 1 of drawing 8 , double-pipe structure 
which consists of 2 1 1 g of evaporation nozzle outer tubes and 2 1 2g of evaporation nozzle inner tubes is carried out, and the 
revolution fin 216 is formed in the passage of the liquid raw material 27. 

[0078] If it is made drawing 13 and structure like drawing 14 , before the liquid raw material 27 will be injected in a vacuum 
housing 5, the liquid raw material 27 circles by setting the axis of rotation as the normal of the field containing opening 2 1 2F or 
opening 2 1 1 G. for the circular movement The velocity compoment to the direction of a normal of the field which contains 
opening 2 1 2F or opening 2 1 1 G among the spray velocity of the liquid raw material 27 becomes small, and the frequency of the 
collision to the gas raw material and carrier gas of the liquid raw material 27 becomes large. Therefore, the efficiency of 
atomization of the liquid raw material 27 improves. Moreover, in the two above-mentioned examples, a performance is 
improvable only by adding the comparatively easy structure like the revolution plug 21 5 or the revolution fin 216. 
[0079] Furthermore, in the example of the octavus, in order that the liquid raw material 27 may flow in 21 lg of evaporation 
nozzle outer tubes, when the temperature of the liquid raw material 27 affects atomization, there is room to prepare a heating 
means or a cooling means in 2 1 1 g of evaporation nozzle outer tubes, and the temperature control of the liquid raw material 27 
before atomization becomes possible. 

[0080] Next, drawing 15 and drawing 16 explain the 9th of this invention, and the 1 0th example, respectively. 
[008 1 ] Drawing 15 is the block diagram showing the manufacturing installation of the semiconductor according [ drawing 16 ] 
the manufacturing installation of the semiconductor by the 9th example to the 10th example, respectively. In drawing 15 and 
drawing 16 , the same sign is given to the member equivalent to drawing 1 . Moreover, since the procedure at the time of 
membrane formation is completely the same as the 1 st example, explanation is omitted here. The 9th and 10th examples are 
examples which prepared two or more evaporation nozzles, and the composition of drawing 1 5 makes [ the composition of 
drawing 16 ] plurality evaporation nozzle 2 1 b [ in / the composition of drawing 7 / for the evaporation nozzle 2 1 in the 
composition of drawing 1 ] at plurality. That is, connection of supply of the liquid raw material 27 supplied to the evaporation 
nozzle 2 1 , a gas raw material, and carrier gas is reverse mutually by drawing 1 5 and drawing 16 . 
[0082] If it is made structure like drawing 1 5 or drawing 16 , since two or more evaporation nozzles 2 1 can share the 
homogeneity of the concentration of the liquid raw material 27 supplied to a wafer 4, the range in the evaporation nozzle 2 1 of a 
piece which should be supplied uniformly can be made small. For this reason, the evaporation efficiency of the liquid raw material 
27 becomes high. Moreover, each evaporation nozzle 2 1 can share the amount of supply of the liquid raw material 27 to wafer 4 
front face, the amount of the liquid raw material 27 which should atomize in each evaporation nozzle 21 is decreased, and the size 
of each evaporation nozzle 2 1 can be made small. 

[0083] Furthermore, in the 10th example, in order that the liquid raw material 27 may flow an evaporation nozzle outer tube, 
when the temperature of the liquid raw material 27 affects atomization, there is room to prepare a heating means or a cooling 
means in an evaporation nozzle outer tube, and the temperature control of the liquid raw material 27 before atomization becomes 
possible. 

[0084] Next, drawing 17 and drawing 18 explain the 1 1 th example of this invention. 

[0085] this example is an example about supply of the liquid raw material 27, or the timing of supply interruption. Drawing 17 is 
a timing chart at the time of supply of the liquid raw material 27 in this example, a gas raw material, and carrier gas. At the time 
of supply of the raw material for membrane formation, a gas raw material and carrier gas are first supplied to the evaporation 
nozzle 2 1 at time LI , fixed time is set after that, and the liquid raw material 27 is supplied to the evaporation nozzle 2 1 at time 
L2. A wafer 4 is not reached, while the liquid raw material 27 has not been evaporated, since a gas raw material and carrier gas 
are supplied to the evaporation nozzle 21 in advance of supply of the liquid raw material 27. 

[0086] Drawing 18 is a timing chart at the time of the supply interruption of the liquid raw material 27 in this example, a gas raw 
material, and carrier gas. At the time of the end of membrane formation, supply of the liquid raw material 27 is first stopped at the 
time of Kl , and supply of a gas raw material and carrier gas is stopped at the time K2 after it. since supply interruption to the 
evaporation nozzle 21 of the liquid raw material 27 is performed in advance of the supply interruption to a gas raw material and 
the evaporation nozzle 2 1 of carrier gas the liquid of the liquid raw material 27 from an evaporation nozzle « who can be 
prevented and the liquid raw material 27 does not remain in a vacuum housing 5 In this example, there is the feature that the 
reliability can be improved without reconstruction of the equipment shown in drawing 1 . 
[0087] Next, drawing 19 explains the 1 2th example of this invention. 

[0088] Drawing 19 is the block diagram showing the manufacturing installation of the semiconductor by the 1 2th example. In 
drawing 19 , the same sign is given to the member equivalent to drawing 1 . Moreover, since the procedure at the time of 
membrane formation is completely the same as the 1 st example, explanation is omitted here. In this example, the particle 
distributor 2 1 7 is formed as a rectification means between the evaporation nozzle 2 1 of the equipment of drawing 1 , and a wafer 
4. Although many holes are made in the particle distributor 217 so that the particle of the liquid raw material 27 can pass, the 
probability which can be passed to radial makes it have changed, the distribution to wafer 4 front face of the particle from the 
evaporation nozzle 21 is amended, and a uniform distribution is obtained. 

[0089] As mentioned above, evaporation efficiency is improved much more and a thin film can be made to form in a wafer 4 
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uniformly, when a wafer 4 makes uniform the distribution of the particle of the liquid raw material 27 which atomized in the 
upper part. In this example, there is the feature that the reliability can be improved only by converting to the equipment shown in 
drawing 1 comparatively simply. 

[0090] Next, drawing 20 and drawing 21 explain the 1 3th of this invention, and the 1 4th example, respectively. 
[009 1 ] Drawing 20 is the cross section showing the evaporation nozzle according [ drawing 21 ] the evaporation nozzle by the 
1 3th example to the 1 4th example, respectively. Since the procedure at the time of membrane formation of the 1 3th and 1 4th 
examples is completely the same as the 1 st example, explanation is omitted here. Evaporation nozzle 2 1 h of drawing 20 is 
deformation of the evaporation nozzle 2 1 of drawing 2 , double-pipe structure which consists of 2 1 1 h of evaporation nozzle outer 
tubes and 212h of evaporation nozzle inner tubes is carried out, and the small heater 218 is attached in the passage of the liquid 
raw material 27. Moreover, evaporation nozzle 2 1 i of drawing 21 is deformation of the evaporation nozzle 2 1 of drawing 8 , 
double-pipe structure which consists of evaporation nozzle outer-tube 21 li and evaporation nozzle inner-tube 212i is carried out, 
and the small heater 21 9 is attached in the passage of the liquid raw material 27. 

[0092] More, the liquid raw material 27 boils to heat the liquid raw material 27 at the small heater 218 and the small heater 2 1 9 
which were attached like drawing 20 or drawing 2 1 and the foam of the minute steam of the liquid raw material 27 is generated to 
heat. Generating of this steam brings about expansion of the volume of the liquid raw material 27, and becomes still minuter 
about the particle of the liquid raw material 27. When a gas raw material and carrier gas collide with this minute particle, 
atomization of the liquid raw material 27 is promoted further, and the evaporation efficiency of the liquid raw material 27 
improves further. Moreover, the generating situation of a minute particle is easily controllable by control of the small heater 218 
and the small heater 219. 
[0093] 

[Effect of the Invention] Since it is made to evaporate according to this invention after atomizing some [ at least ] liquid raw 
materials used as a thin film in the space in which the thin film is formed, the efficiency of evaporation becomes high, what a 
liquid raw material condenses to the member of the inside of piping or other equipments like before is lost, and an unnecessary 
film is not formed. Therefore, neither lock out of piping nor scattering of a up to [ the wafer of the exfoliative film ] takes place, 
but it becomes unnecessary to stop a manufacturing installation, and productivity improves. 



[Translation done.] 
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